papillary gallbladder drainage (ETGBD) is reportedly useful in patients who have acute cholecystitis, its efficacy has not been compared to that of percutaneous transhepatic gallbladder drainage (PTGBD). We retrospectively compared the efficacy and safety of ETGBD and PTGBD in patients with acute cholecystitis.
Patients and methods We studied 75 patients who required gallbladder drainage for acute cholecystitis between January 2014 and December 2016. Using propensity score matching analysis, we compared the clinical efficacy and length of hospitalization in patients successfully treated with ETGBD and PTGBD. Moreover, we assessed the predictive factors for hospitalization period < 30 days using multivariate analysis.
Results ETGBD and PTGBD were successfully performed in 33 patients (77 %) and 42 patients (100 %) (P < 0.001). Twenty-seven matched pairs were obtained after propensity score matching analysis. No significant differences were observed between patients treated with ETGBD and those treated with PTGBD with respect to improvement in white blood cell count and serum C-reactive protein level. The length of hospitalization in patients treated with ETGBD was significantly shorter than in those treated with PTGBD regardless of the need for surgery. Multivariate logistic regression analysis revealed ETGBD (odds ratio, 7.07; 95 % confidence interval 2.22 -22.46) and surgery (odds ratio 0.26; 95 % confidence interval 0.09 -0.79) as independent factors associated with hospitalization period. There were no significant differences in occurrence of complications in ETGBD and PTGBD procedure.
Conclusions ETGBD was shown to be as useful as PTGBD for treatment of acute cholecystitis and was associated with shorter hospitalization period. ETGBD can be an alternative treatment option for acute cholecystitis at times when PTGBD is not possible.
There are several reports on the usefulness and safety of endoscopic transpapillary gallbladder drainage (ETGBD) including endoscopic nasogallbladder drainage (ENGBD) [6 -13] and endoscopic gallbladder stenting (EGBS) in patients with acute cholecystitis [14 -21] . However, there are few studies comparing the efficacy of ETGBD and PTGBD in the treatment of acute cholecystitis.
We performed a retrospective study, using propensity score matching analysis, to compare the usefulness and safety of ETGBD and PTGBD in patients with acute cholecystitis. Moreover, we analyzed predictive factors for shorter hospitalization using multivariate analysis.
Patients and methods

Patients
Between January 2014 and December 2016, 141 consecutive patients with acute cholecystitis who were admitted to Hirosaki Municipal Hospital, Aomori, Japan were studied. Of these, we excluded six patients who underwent emergency cholecystectomy, 12 with comorbidity with cholangitis and 48 who received conservative treatment with antibiotics from the study (▶ Fig. 1) . We evaluated 75 patients who needed gallbladder drainage. As initial therapy, 43 patients and 32 patients underwent ETGBD and PTGBD, respectively. ETGBD was selected for patients who used antiplatelet agents or anticoagulant agents, and had thrombocytopenia, bleeding tendency, ascites, suspicious of choledocholithiasis, Chilaiditi syndrome and dementia with a risk of self-removal of the drainage tube. All 43 patients who underwent ETGBD met the criteria. There were seven patients who used antiplatelet agents, five who used anticoagulant agents, three who had thrombocytopenia and bleeding tendency, four with ascites, 11 with choledocholithiasis, two patients with Chilaiditi syndrome and 19 patients with dementia (▶ Table 1 ). There were also four patients with dementia. These patients underwent PTGBD first in spite of preprocedural risk, because they had previous histories of gastrectomy. When ETGBD had technically failed, PTGBD was performed. Patients who were successfully treated with ETGBD were compared to those treated with PTGBD, including those who had initially failed ETGBD. Moreover, the clinical courses of the two groups were compared using propensity score-matched analysis.
Patients were diagnosed as having acute cholecystitis based on the following criteria: clinical symptoms of right upper quadrant and/or epigastric pain or tenderness; signs of systemic inflammation including fever and high WBC count or high levels of CRP; and positive findings associated with distended gallbladder, thickening of the wall of gallbladder or, fluid around the gallbladder, as confirmed on abdominal ultrasonography or computed tomography [22] . patients who needed gallbladder drainage were studied. Twentyseven matched pairs were obtained using propensity score matching.
▶ Table 1 Characteristics of gallbladder drainage. 
ETGBD
Following endoscopic retrograde cholangiopancreatography (ERCP), a 0.035-inch Radifocus guidewire (Terumo, Tokyo, Japan) was inserted into the cystic duct and advanced into the gallbladder. After successful cannulation in the gallbladder, a 5-French pigtail-type nasobiliary drainage tube (Hanako, Tokyo, Japan) was inserted into it, and subsequently, the gallbladder was drained and rinsed with a saline solution through the tube until a completely clear fluid was obtained (▶ Fig. 2a) .
In some cases, because the nasobiliary drainage tube has a high risk of dislodgement, it was replaced with a 7-French double-pigtail stent (15 cm, Olympus Medical Systems, Tokyo, Japan) (▶ Fig. 2b ).
PTGBD
PTGBD was performed using the Seldinger technique. After performing ultrasound-guided transhepatic gallbladder puncture using an 18-gauge needle, a guidewire was inserted into the gallbladder which was followed by insertion of a 7 to 9-French pigtail catheter using a guidewire under fluoroscopy.
Propensity score matching
To confirm the validity of this retrospective analysis, we used propensity score matching method to compare the clinical course of patients treated successfully with ETGBD and PTGBD. Propensity scores were calculated using logistic regression analysis. Age, sex and severity of acute cholecystitis were used as matching factors and included in a multivariable logistic regression analysis. Based on the scores obtained for each patient, patients treated with ETGBD were matched to patients treated with PTGBD using calipers of width equal to 0.2 of the standard deviation (SD) of the logit of the propensity score.
Outcome
Study outcomes were success rates and clinical efficacy of ETGBD and PTGBD procedures. Success rate was defined based on successful placement of the catheter into the gallbladder. Clinical efficacy was evaluated based on WBC count and CRP levels at 7 days after treatment, time required for normalization of WBC count, time required for serum CRP levels to decrease below 1.0 mg/dL, and duration of hospitalization. Moreover, to elucidate factors associated with hospitalization < 30 days, we performed univariate analysis and then multivariate logistic regression analysis. Univariate analysis was performed with gender, age, gallbladder drainage (ETGBD or PTGBD), surgery, serum levels of WBC, serum levels of CRP, severity grade of cholecystitis, use of antiplatelet drugs, use of anticoagulant drugs, complications of ascites, having a common bile duct stone, having a gallbladder stone and having dementia. Variables with P < 0.1 in the univariate analysis were included in the multivariate analysis using logistic regression.
Ethics statement
This study was performed in accordance with the ethical standards of the Declaration of Helsinki, and approved by the institutional review board at Hirosaki Municipal Hospital (no. 996). All patients or family members (if the patient had dementia) had provided written consent.
▶ Fig. 2 X-ray images of a endoscopic nasogallbladder drainage and b endoscopic gallbladder stenting.
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Iino Chikara et al. Results ETGBD was successfull in 33 patients (77 %) (▶ Table 2 ). PTGBD was successfull in 10 patients who in whom ETGBD had failed as well as in 32 patients who had received PTGBD as the initial therapy (100 %). The success rate for PTGBD was significantly higher for ETGBD (P < 0.001). In 10 patients with failure of ETGBD, there were seven cases with failure to detect the cystic duct, three cases without passage of the guidewire into the cystic duct due to stricture caused by severe inflammation or the gallstones in the cystic duct. Preprocedural clinical data on these 10 patients were similar to those for other patients with successful ETGBD. Mild acute pancreatitis after ETGBD occurred in two patients. Cystic duct injury during ETGBD procedure occurred in two patients. On the other hand, bile leak related to ▶ PTGBD occurred in two patients. There were no tube-related problems in any patients after ETGBD or PTGBD. Overall, this study included 33 patients in the ETGBD and 42 patients in the PTGBD group. There were significant differences in initial CRP levels between the two groups (▶ Table 3 ). After treatment, time required to attain CRP level < 1.0 mg/dL and length of hospitalization with and without surgery in the ETGBD group were significantly shorter than those in the PTGBD group (P = 0.047, P < 0.001 and P < 0.001, respectively) (▶ Table 4 ).
Twenty-seven matched pairs were obtained after propensity score matching. No significant differences with respect to patients' background were observed in the two groups. There were no significant differences in the groups with respect to WBC count and serum levels of CRP at 7 days after treatment or in time required to attain normal WBC count and CRP level < 1.0 mg/dL. Length of hospitalization in the ETGBD group was significantly shorter than that in the PTGBD group (P = 0.003 and P = 0.005) regardless of the need for surgery.
Results of univariate analysis for each factor for hospitalization < 30 days are shown in ▶ Table 5 . The comparison between the two groups in univariate analysis showed that variables with P < 0.1 were gallbladder drainage, surgery and use of anticoagulant drugs. Results of the multivariate logistic regression analysis revealed that both ETGBD (odds ratio, 7.07; 95 % confidence interval 2.22 -22.46, P < 0.001) and surgery (odds ratio, 0.26; 95 % confidence interval 0.09 -0.79, P = 0.018) were independent factors for hospitalization < 30 days (▶ Table 6 ).
Discussion
Our study using propensity score matching analysis demonstrated that ETGBD was as useful as PTGBD for treatment of cholecystitis and successful ETGBD resulted in a shorter hospital stay compared to PTGBD. Furthermore, multivariate logistic regression analysis revealed that ETGBD was positively and surgery was negatively and independently associated with hospitalization < 30 days. These results suggest that ETGBD was as effective as PTGBD for management of inflammation associated with acute cholecystitis. There were no significant differences between ETGBD and PTGBD with respect to decrease in WBC count and serum CRP levels after gallbladder drainage. Reportedly, ETGBD is a practical and effective alternative to PTGBD [6 -21] . However, it has not been established as a standard treatment owing to technical difficulty [5] . Our study revealed technical success rates of 77 % and 100 %, respectively, for ETGBD and PTGBD. That was similar to results from previous studies, which reported that the technical success rate of ETGBD varied from 64 % to 100 % [6 -21] . Failure of ETGBD was attributable to failure to detect the cystic duct and pass the guidewire into it due to a stricture caused by severe inflammation and gallstones in the cystic duct. Previous reports have demonstrated a 100 % technical success rate with PTGBD, suggesting that the procedure is not difficult [23] . Therefore, PTGBD has been established as the standard procedure for gallbladder drainage. However, PTGBD is contraindicated in some patients, including those using antiplatelet agents or anticoa-▶ 
WBC and CRP date were shown as mean ± standard deviation and Length of hospitalization data were shown as median (interquartile range). CRP, C-reactive protein; EGBS, endoscopic gallbladder stenting; ENGBD, endoscopic nasogallbladder drainage; ETGBD, endoscopic transpapillary gallbladder drainage; PTGBD, percutaneous transhepatic gallbladder drainage; WBC, white blood cells.
gulants or who have thrombocytopenia, bleeding tendency, severe ascites, anatomic abnormalities, or dementia with a risk of self-removal of the drainage tube. ETGBD was as effective as PTGBD for treatment of acute cholecystitis. Although it is unsuccessful in some cases, ETGBD is an effective alternative in patients for whom PTGBD cannot be performed. Therefore, ETGBD should be one of the considerable treatment options for acute cholecystitis.
A recent meta-analysis showed that ETGBD archived a similar technical success rate as PTGBD but appeared to be safer than PTGBD in sub-analysis [24] . However, in that meta-analysis, only three of 23 studies had compared the efficacy of ETGBD and PTGBD. In two of three studies, ETGBD included endoscopic ultrasound (EUS)-guided transmural stenting [25, 26] . In another study, ETGBD was directly compared with PTGBD, but the outcome measured in that research was rate of recurrence of cholecystitis and ETGBD and PTGBD were performed in different periods [19] . Therefore, our study is the first study to compare the efficacy of ETGBD and PTGBD in patients with acute cholecystitis in the same period.
Our results showed that ETGBD procedure resulted into a shorter hospital stay than that did PTGBD in propensity score matching analysis. Rates of surgery observed after ETGBD were almost the same as those after PTGBD. In patients both ▶ with and without the need for surgery, length of hospitalization after ETGBD was shorter than that after PTGBD. Moreover, ETGBD was an independent factor for shorter hospitalization. The tube inserted during PTGBD cannot be pulled out until a fistula has formed, which requires at least 2 weeks [27] . Therefore, patients who underwent ETGBD were eligible for discharge earlier than those who underwent PTGBD. ETGBD is a less invasive procedure than PTGBD because there is no need for skin puncture and the hospital stay is shorter. All the patients treated with ETGBD and PTGBD showed a decrease in WBC count and serum levels of CRP after gallbladder drainage. Although WBC count normalized in all patients, serum levels of CRP had not decreased below 1.0 mg/dL in six patients at time of discharge. However, their serum CRP levels were under 2.0 mg/dL, and they had no clinical symptoms. Of these patients, two and four patients underwent ETGBD and PTGBD, respectively. Although there were no significant differences between ETGBD and PTGBD in terms of improvement of inflammation, patients who underwent PTGBD had higher WBC counts and CRP levels than those who underwent ETGBD. These individuals may have a small amount of bile spillage around the gallbladder due to puncture of the gallbladder as an invasive procedure.
There were no significant differences in incidence of complications between the patients treated with ETGBD and PTGBD. Adverse events associated with ETGBD were mild according to the ASGE workshop definition [28] . None of the complications were severe or affected length of hospitalization. The complications typically associated with ETGBD are post-ERCP pancreatitis, perforation of the cystic duct, and cholangitis. The rate of complications is reported to be 0 % to 16 % [6 -21] , which is similar to our results. Two patients developed mild pancreatitis after ETGBD. However, their serum amylase levels became normal within 5 days after the procedure. In two patients with cystic duct injury, the guidewire penetrated through the cystic duct wall during ETGBD. One of them was successfully treated with ETGBD, while the other required PTGBD with endoscopic nasobiliary drainage. There was no complaint of abdominal pain after the procedure, computed tomography did not show free air or bile leak, and the WBC count and CRP levels did not increase following the procedure. Complications typically associated with PTGBD are puncture-induced hemorrhage, bile leak, and pneumothorax. Two patients with bile leak associated with PTGBD had mild abdominal pain and were treated conservatively. Although the rate of complications associated with ETGBD was slightly higher than that with PTGBD, the complications were not severe.
ETGBD was not feasible for five patients with a history of gastrectomy because of technical difficulty. In 10 patients, ETGBD had failed due to stricture caused by severe inflammation and the gallstones in the cystic duct resulting in the failure of detection of the cystic duct and insertion of the guidewire into the cystic duct. These patients underwent PTGBD as an alternative drainage. Recently EUS-guided transmural gallbladder drainage has been reported as an effective method for managing acute cholecystitis [5, 23, 24] . A randomized controlled study showed that EUS-guided transmural gallbladder drainage was comparable to PTGBD in feasibility and efficacy [25] . In the current study, especially for patients with dementia and failure of ETGBD, EUS-guided transmural gallbladder drainage may be a better alternative. However, EUS-guided transmural gallbladder drainage is not a standardized procedure and it is currently performed in limited institution that have expertise in both EUS and ERCP.
Our study has several limitations. First, it was a retrospective analysis of a small number of patients from a single institution. Thus, we could not control for selection bias and confounding factors. However, use of propensity score matching enabled us to analyze 27 matched pairs between ETGBD and PTGBD. Furthermore, we performed multivariate logistic regression analysis to compare between ETGBD and PTGBD. Second, our study did not evaluate the effectiveness of ENGBD and EGBS separately. There may be some differences in efficacy and safety between ENGBD and EGBS. However, a recent prospective study has shown that efficacy and safety were almost similar for treatment of acute cholecystitis in patients who cannot undergo emergency cholecystectomy [29] .
Conclusion
In conclusion, we found that ETGBD was comparable to PTGBD in terms of efficacy and safety for treatment of acute cholecystitis. The success rate of ETGBD was not low (77 %). The hospital stay associated with successful ETGBD was shorter than that with PTGBD. These results suggest that ETGBD can be an alternative treatment option for acute cholecystitis at times when PTGBD is not possible.
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